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(total, T CD5 + , CD4 + and CD8 + ) was noted at the first parturition, while the B 30 lymphocytes count was significantly lower at the second parturition (61  10 6 /L; 31 P<0.05). Selection for litter size at weaning (V females) reduced the average counts of 32 total and B lymphocytes in blood (502 and 60  10 6 /L, respectively; P<0.01), mainly 33 because these populations in V36 females continuously lowered from the first to the 34 second parturition under normal housing conditions. Thus, more selected females (V36) 35 at the second parturition showed significantly lower counts in blood for total, T CD5 + 36 and CD25 + lymphocytes (1303, 446 and 33  10 6 /L, respectively; P<0.05). The 37 main differences in blood counts between V36 and V16 females disappeared when 38 housed under heat stress conditions, except for T CD5 + and CD25 + , which significantly 39 increased (T CD5 + : +428 10 6 /L; CD25 + : +41 10 6 /L; P<0.01) in the V16 vs. V36 40 A c c e p t e d M a n u s c r i p t
INTRODUCTION 60
In the last three decades, rabbit meat production has evolved from more or less 61 traditional production systems to other more intensive ones due to relevant advances in 62 genetic selection, reproductive management and feeding systems (Pascual, 2010) . 63
Genetic selection for reproduction has worked, with programmes resulting in an 64 effective increase of between 0.05 and 0.13 live-born kits per generation of selection (de 65 Rochambeau et al., 1994; Gómez et al., 1996; García and Baselga, 2002a,b) . The 66 requirements of reproductive rabbit does have probably increased considerably in recent 67 years, perhaps compromising body condition, lifespan and general health on the farm 68 (Pascual, 2010) . In some species, selection for exclusively productive criteria is 69 frequently observed to have some negative associated effects, such as higher disease 70 incidence (Dourmad et al., 1994) . In fact, health may be considered one of the main 71 concerns of current rabbit production under commercial conditions, with high 72 replacement rates and the frequent appearance of digestive disorders (Rosell and de la 73
Fuente, 2009). 74
Long-living animals, which are able to maintain high reproductive performance during 75 successive lactations, are of much interest in animal production as they can help cut the 76 replacement cost of animals and improve animal welfare (Theilgaard et al., 2007) . A 77 line (LP) founded for reproductive longevity criteria (an extremely high number of 78 parities and average reproductive performance) was seen to have a longer reproductive 79 life than a well-documented line (the V line) selected during 31 generations solely on 80 litter size at weaning (Sánchez et al., 2008) . It has been reported that the LP line delays 81 reproductive senescence and shows less environmental sensitivity than the V line, which 82 might be mediated by greater body energy reserves (Theilgaard et al., 2007) .
A c c e p t e d M a n u s c r i p t 8 From this time onwards, females and their litters were fed the same diet as lactating 145 rabbit does (11.5 MJ DE and 120 g DP per kg DM), which was provided ad libitum 146 until the end of the experiment (second parturition). Does were artificially inseminated 147 (AI) on day 11 post-partum (dpp) and successive inseminations were carried out every 148 21 days, when necessary. Litters were standardised at birth to 9-10 kits and weaned on 149 28 dpp. 150
To evaluate the possible correlation between the energy balance and the immunological 151 status of females, daily feed intake (DFI) during lactation week 2 and perirenal fat 152 thickness (PFT) on 14 dpp were controlled by ultrasound (Pascual et al., 2000) given 153 the recovery of body reserves in rabbits in the first part of lactation (Quevedo et al., 154 2006) . Thus, feed intake and body reserves during lactation week 2 were expected to be 155 crucial for female rabbits (Theilgaard et al., 2006) . 156
Blood samples were taken from females at the first parturition (at the start of the 157 environmental challenge) on 4 dpp (after a short exposure to the environmental 158 challenge), on 10 dpp (close AI and maximum body condition during lactation), and at 159 the second parturition (end of the experiment). All the blood samples were drawn from 160 the median artery of the ear using vacuum tubes with EDTA. Diurnal variations in 161 haematological parameters were minimised by collecting blood at approximately the 162 same time (9:00-11:00 h). 163
164

Flow cytometry analysis 165
A c c e p t e d M a n u s c r i p t 9 After mixing by inverting the tube, 50 μL of whole blood were pipetted into flow 170 cytometry tubes and primary monoclonal antibodies ( Millipore water) at 4ºC. After incubating for 5 min in the dark, samples were 175 centrifuged at 400×g for 5 min at room temperature, the supernatant was carefully 176 eliminated and the pellet was washed with 1 ml of phosphate-buffered saline (PBS). 177
After another wash, secondary antibodies (rat anti-mouse IgG2a + b Phycoerythrin 178
[VMRD, Inc. α-exalpha] and goat anti-mouse IgM: R-Phycoerythrin-human adsorbed-179
[AbD Serotec]) were added. These were incubated for 20 min at room temperature in 180 the dark. Finally, 1 ml of PBS was added before running the flow cytometer. The 181 resulting WBC suspensions were analysed in a Cytomics FC500 flow cytometer 182 (Beckman Coulter, Brea, CA). Specific data acquisition protocols for rabbit WBC were 183 designed using the CXP software (Beckman Coulter, Brea, CA). The common leukocyte 184 antigen CD14 and the CD45 expression were used for the "lymphogate" setup, as 185 previously described (Jeklova et al., 2007) . The gates of each leukocyte type were 186 adjusted with an isotype negative control. All the samples were processed in duplicate. 187
The total lymphocyte count was calculated as the product of the WBC count and the 188 lymphocyte percentage, the lymphocyte subset counts and percentages, as described by 189 Hulstaert et al. (1994) . 190
191
Ultrasound measurements 192
The PFT of does was measured on 14 dpp by ultrasounds. Previously, fur was removed Finally, in order to test the relationship between the lymphocyte populations of rabbit 221 does on 10 dpp with both feed intake during lactation week 2 and PFT on 14 dpp of 222 females, Pearson"s correlation coefficients () were obtained using PROC CORR of the 223
Statistical Analysis System (2002). 224
A c c e p t e d M a n u s c r i p t RESULTS 226 Table 2 shows the effect of animal type and housing on the lymphocytes populations. As 227 many interactions between the main factors were found, a three-way interaction is 228 represented in Figures 1 and 2 . 229
As seen in Table 2 , housing under heat stress conditions resulted in only a significant 230 reduction of the B lymphocytes counts in female rabbits (34 ± 14  10 6 /L; P<0.05). On 231 the other hand, the blood counts of the majority of lymphocytes populations (total, T 232 CD5 + , CD4 + and CD8 + ) showed the highest values at the first parturition (on average 233 +443, +252, +113 and +73  10 6 /L if compared to the remaining control days; P<0.01), 234 while the B lymphocytes count was significantly lower at the second parturition (61 ± 235 16  10 6 /L; P<0.05). 236
The V36 population rabbit does presented a lower number of total lymphocytes (Table  237 2) than those of the V16 population (502 ± 173  10 6 /L; P<0.01) and the LP line (349 238 ± 172  10 6 /L; P<0.05). This scenario relates mainly to a drop in this cellular population 239 in the V36 females housed in CH on 10 dpp and at the second parturition, when 240 differences between V36 and V16 females were significant (Figure 1a) . In LP females, 241 the number of total lymphocytes lowered from the first parturition to 4 dpp (1205 ± 242 421  10 6 /L, P<0.001; Figure 1a) . If compared to CH, the total counts at the second 243 parturition in CC significantly increased for LP females (+947 ± 476  10 6 /L; P<0.05), 244 but lowered for V16 females (808 ± 403  10 6 /L; P<0.05). The difference between LP 245 and V36 females reached the level of significance (Figure 1a) . 246
The V36 population females presented lower B lymphocytes counts than the V16 ones 247 (60 ± 15  10 6 /L; P<0.001), while LP females showed intermediate counts ( Table 2) . 248
These results relate mainly with the high counts recorded on 4 dpp and 10 dpp for V16M a n u s c r i p t 13 and 129 ± 39  10 6 /L on 4 dpp and 10 dpp, respectively, P<0.01; Figure 1b) . At the 251 second parturition in CC, the LP line animals displayed higher counts than those of the 252 V line (not statistically significant, on average +46 ± 40  10 6 /L; P>0.10). A positive 253 relationship was found between the B lymphocytes in blood on 10 dpp with feed intake 254 during lactation week 2 (r = +0.51; P<0.001) and PFT on 14 dpp (r = +0.40; P<0.001). 255
In CH, the T CD5 + lymphocytes counts followed a similar pattern to those of total 256 lymphocytes, showing higher counts for V16 females than those for LP and V36 257 females at the second parturition (on average +30%, P<0.05; Figure 1c) . As described 258 for total lymphocytes, the counts recorded at the second parturition in CC, if compared 259 to CH, were higher for LP females, but lower for V16 females; however, differences 260
were not statistically significant (LP line: +355 ± 204  10 6 /L; P<0.10; V16: 295 ± 261 189  10 6 /L; P>0.10). Similarly to the observations made for B lymphocytes at the 262 second parturition in CC, the LP line animals had higher counts than those from both 263 the V line populations (not statistically significant; on average +260 ± 194  10 6 /L; 264
P>0.10). 265
The counts of lymphocytes CD4 + and CD8 + fitted the pattern described for the T CD5 + 266 lymphocytes and for the changes relating to animal type or housing (Figure 2 a, b) . 267 However, the CD25 + lymphocytes counts followed a dissimilar pattern because they 268 were higher in LP females than in V36 females (average +20.98 ± 5.80  10 6 /L; 269 P<0.001; Table 2 ). This was due mainly to the differences noted in CH from 4 dpp 270 onwards (Figure 2c) . When compared to CH, a significant increase in the CD25 + counts 271 was detected in CC for V16 females on 10 dpp (+47.6 ± 15.7  10 6 /L; P<0.01). 272
A c c e p t e d M a n u s c r i p t
14
DISCUSSION 275
Although rabbits have been traditionally used as experimental models for many years, 276 data about their blood lymphocyte populations are scarce. This lack of information is 277 more evident in commercial rabbits (Guerrero et al., 2011) where it is vital to 278 characterise and to evaluate rabbit genetic lines and their responses to different 279 challenges, like heat stress, which is the case in this study. 280
As reported in a previous study (Guerrero et al., 2011) , where a similar methodology 281 was used, several imbalances appear in the results obtained in the present study: (1) the 282 sum of the CD5+ and B lymphocyte percentages is lower than 100 and (2) the sum of 283 the CD4+ and CD8+ lymphocytes is lower than the number of T CD5+ lymphocytes. 284
These discrepancies with previous studies (Jeklova et al., 2007) may relate to the type 285 of animals studied (older commercial rabbit does under stressful conditions) and the 286 antibodies used (Guerrero et al., 2011) . 287
By genetic selection, animals with different useful immunological characteristics in 288 humoral or cellular immune responses can be obtained (Lavi et al., 2005) . Differences 289 in the number of lymphocytes have been found between genetic lines of chickens 290 (Cheeseman et al., 2004) and between breeds of pigs (Clapperton et al., 2005) . 291
Moreover, it has been proposed that these differences may be implied in resistance to 292 infection by a wide range of pathogens and subsequent disease effects. However, as far 293 as the authors are aware, such information is not available for rabbits. As previously 294 reported (Wells et al., 1999; Kim et al., 2002; Guerrero et al., 2011) , the lymphocyte 295 populations in the current study varied throughout the rabbit does" productive cycle, 296 with differences found among the animal types involved. 297
Thus under conventional housing conditions, V36 females showed lower counts at theA c c e p t e d M a n u s c r i p t significant differences found for total, T CD5 + and CD25, while differences in the B-300 lymphocytes were significant earlier (on 4 dpp and 10 dpp). We hypothesise that 301 selection for litter size at weaning might have some negative effect on the immune 302 function. In this sense, PFT on 4 dpp was slightly lower in V36 females if compared 303 with V16 or LP females (0.25 mm, P<0.10) and a positive correlation was observed 304 between PFT on 14 dpp and the B lymphocyte counts on 10 dpp. In a previous work 305 consequently, the possible relationship of the differences found in lymphocyte counts 312 and the culling rate (through illness or death) due to litter size selection at weaning 313 deserves further research. 314 LP females showed similar counts to V36 females during the study period, although a 315 sharp drop in the total, CD5 + , CD4 + and CD8 + lymphocytes was observed from 316 parturition to 4 dpp in LP females, but not in V36 females; besides, the CD25+ counts 317 were higher for LP females than for V36 females on 4 dpp, 10 dpp and at the second 318 suppression of either immunoglobulin production or IL-2 synthesis (Franci et al., 341 1996b) . Besides, lymphocytes" resistance to heat stress has been reported to be modified 342 by breed in chickens (Regnier and Kelley, 1981) and bovines (Kamwanja et al., 1994) . 343
In the present study, heat stress also differently affected the lymphocyte populations of 344 the compared rabbit does as the differences observed under conventional housing 345 between the V36 and V16 populations (in the B lymphocyte counts on 4 dpp or 10 dpp, 346 and in the total, CD5 + and CD25 + lymphocyte counts at the second parturition) and 347 those observed at the second parturition generally increased to favour LP females if A c c e p t e d M a n u s c r i p t 
